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With the increasing emergence of the energy crisis, the problem of how to 
improve the systems of energy transformation so as to enhance the utilization rate of 
energy resources has become a topic of great interest. Heat engine and chemical 
engine, which are, respectively, driven by the heat flow between two heat sources of 
different temperatures and mass flow between two matter sources of different 
chemical potentials, are two important energy conversion devices among the others. 
This dissertation is focused on the optimal analysis of the performance of one class of 
nonreversible chemical engines by using finite-time thermodynamics, in which the 
heat- and mass-transfer coupling are both taken into account. The main contents are 
listed as follows: 
In Chapter 1, the development of finite-time thermodynamics as well as the 
research background about the chemical reactions and chemical circles are briefly 
introduced. 
In Chapter 2, an endoreversible circle model of a class of chemical engines 
working between two reservoirs of different temperatures and chemical potentials is 
established. The expressions of the power output and efficiency of the cycle are 
derived based on the fundamental law of thermodynamics, in which the irreversibility 
resulting from heat and mass transfer are both taken into account. The power output 
and efficiency are optimized with the help of optimal-control theory, and the 
reasonable operating region and optimal working parameters of the cycle are 
determined. The results obtained may provide a theoretical guidance for the operating 
and optimal design of real chemical engines. 
In Chapter 3, the irreversibilities resulting from heat and mass leakage are further 
taken into account and a more practical cyclic model of irreversible chemical engine 
is put forward. The effects of multi-irreversibilities, including those coming from the 
heat and mass leakage, on the optimal performance of the engine are explored and 















devices are obtained.  
In the last chapter, the main conclusions are summed up and the directions for 
further researches are briefly reviewed. 
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温热源 HT 和低温热源 LT 之间的一切热机所能达到的效率上限，即卡诺效率[1] 











HLCA TT−=1η                                                (1.2) 
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